We set out to examine the evidence for the importance of randomization of transcutaneous electrical nerve stimulation (TENS) in acute postoperative pain. Controlled studies were sought; randomization and analgesic and adverse effect outcomes were summarized. Forty-six reports were identified by searching strategies. Seventeen reports with 786 patients could be regarded unequivocally as randomized controlled trials (RCT) in acute postoperative pain. No metaanalysis was possible. In 15 of 17 RCT, we judged there to be no benefit of TENS compared with placebo. Of the 29 excluded trials, 19 had pain outcomes but were not RCT; in 17 of these 19 TENS studies, the authors concluded that TENS had a positive analgesic effect. No adverse effects were reported. Non-randomized studies overestimated treatment effects. (Br.
Transcutaneous electrical nerve stimulation (TENS) was developed originally as a means of controlling pain through the "gate" theory. 1 There is conflicting professional opinion on the use of TENS in acute postoperative pain. The recommendations of the Agency for Health Care Policy and Research (AHCPR) 2 for acute pain management state that TENS is "effective in reducing pain and improving physical function" while the earlier report of the UK College of Anaesthetists' working party on pain after surgery 3 states that "TENS is not effective as the sole treatment of moderate or severe pain after surgery". For postoperative pain some textbooks recommend or strongly recommend TENS, [4] [5] [6] [7] [8] although one at least is uncertain. 9 TENS is of doubtful benefit in labour pain, 10 but we could find no systematic review of its use in chronic pain.
The quality of methods used in clinical studies has been shown to be a key determinant of the eventual results. Schulz and colleagues 11 demonstrated that studies that were not randomized or which were inadequately randomized exaggerated the estimate of treatment effect by up to 40%. Studies which are not fully blinded can exaggerate the estimate of treatment effect by up to 17%. We sought evidence of the effect of randomization in trials with pain as an outcome, in studies of TENS in acute postoperative pain.
Methods
Several different search strategies were used to identify controlled studies for TENS in acute postoperative pain in both MEDLINE (1966-1995: Knowledge Server version 3.25: January 1996) and the Oxford Pain Relief Database (1950-1992).
The words "TENS" and "transcutaneous electrical nerve stimulation" were used in searching, including combinations of these words. Additional reports were identified from the reference lists of retrieved reports, review articles and textbooks.
Inclusion criteria were full journal publication, TENS and postoperative pain with pain outcomes. Reports of TENS for the relief of other acute pain conditions, such as labour pain, acute infections and procedures, or those where the number of patients per treatment group was fewer than 10 were excluded. Abstracts and review articles were not considered. Unpublished reports were not sought. Neither authors of reports nor manufacturers of TENS equipment were contacted.
Two types of control predominated-open studies compared TENS with conventional postoperative analgesia (i.m. opioid) or with disabled TENS instruments (sham TENS). Some studies used blinded observers. While there was no prior hypothesis that TENS could not be blinded adequately, it was determined that, despite the considerable efforts documented in some reports, adequate blinding was impossible in practice.
Each report which could possibly meet the inclusion criteria was read by each author independently and scored for inclusion and quality using a threeitem scale. 13 Included reports received one point for randomization, a further point if this had been done correctly and a third if the number and reasons for withdrawals were given. Authors met to agree that studies were randomized or if the description of the method of randomization was adequate.
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Information on surgery, number of patients, study design and duration of treatment was extracted from randomized reports. The type of TENS equipment, its settings and the method and frequency of its use, and placement of electrodes were also extracted. Control group design and the use of TENS in these controls were similarly noted. Pain outcomes, overall findings and conclusions were noted for each report, together with adverse effect information.
A judgement was then made by us as to whether the overall conclusion of the randomized reports was positive or negative for the analgesic effectiveness of TENS. Post hoc subgroup analysis in the original reports was not considered in our judgement of overall effectiveness. Reports which had pain measures but which were not randomized or were inadequately randomized were examined for positive or negative analgesic effectiveness of TENS using the judgement of their authors.
Results
Forty-six reports were considered; three did not have pain outcomes, three had fewer than 10 patients per group, three had methodological problems and one reported on pain during rather than after a procedure. These were not considered further.
Nineteen reports were either not RCT or the method of randomization was inappropriate (table 1) . Seventeen of the 19 reports with pain measures excluded because they were either not randomized or inadequately randomized, were judged by their authors to have positive analgesic results for TENS in acute postoperative pain.
Seventeen randomized studies with pain outcomes were found. Of these, 15 were judged by us to show no analgesic benefit of TENS in acute postoperative pain.
RANDOMIZED STUDIES
The randomized studies contained information on 786 patients (table 2) . TENS was used after various operative procedures, including cardiothoracic, major orthopaedic and gastrointestinal surgery. Ten different TENS machines were used with different control settings and durations of treatment; individual titration of settings took place in six reports. Fourteen reports compared TENS with sham TENS without batteries, with batteries reversed or with sub-threshold stimulation; the other three compared TENS and i.m. opioid with i.m. opioid alone. Quality scores were generally 1 or 2 out of a maximum of 3. The most common outcome measures reported were analgesic consumption and a variety of pain score measurements. Information was not presented in formats which allowed extraction for meta-analysis (table 2) .
TENS vs sham TENS
Fourteen of the 17 included RCT compared TENS with sham TENS; no differences were found. One of the 14 48 reported no significant difference between TENS and sham TENS for analgesic consumption, but did report a statistically significant difference for pain intensity in favour of the active TENS; the published results, however, used a one-tailed statistical test which we judged inappropriate.
TENS vs opioid control
Seven of the 17 included RCT compared opioid plus TENS with opioid alone, four of which also included sham TENS. Of the seven studies, five failed to detect any differences in analgesic consumption or pain measurements between TENS and non-TENS controls. Two reports were judged by their authors and by us to be positive. 42 46 Pike 42 studied 40 patients after total hip replacement. The study had as its main outcome measure the number of pethidine injections in the first 2 days 46 recruited 100 patients undergoing abdominal and thoracic surgery in 2 months, and although there was more success with active TENS used for 20 min three times a day, maximal relief was "almost invariably associated with the first stimulation". Generally there were no obvious differences between the use of TENS in these two positive studies and the 15 which showed no benefit.
Adverse events
No report described systematic recording of adverse events, nor were any reported.
Discussion
The "gold standard" in clinical trials is adequate randomization.
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Non-randomized studies have been shown for nearly 20 yr to yield larger estimates of treatment effects than studies using random allocation. 49 The degree of exaggeration of treatment effect when randomization is inappropriate can be as much as 40%. 11 These findings underpin the inclusion criteria chosen in systematic reviews.
For TENS in acute postoperative pain, 17 of 19 reports with pain outcomes which were either not randomized or inappropriately randomized claimed TENS to be effective, compared with two of 17 randomized controlled trials.
The possibility of bias exists. The method of randomization was described in only two reports. 16 27 The method described was inadequate in both, one using a nurse to randomize patients 16 and the other using alternate allocation. 27 Reports which said only that they were randomized may have used an inadequate method.
That these data represent the lowest common denominator of information, essentially vote counting rather than a more sophisticated analysis, reflects the nature of the analgesic scoring methods that predominated in the original reports. Pain scoring using analogue or categorical scales was reported as means (an unreliable statistic 50 ) or mean analgesic consumption, or time to first analgesic was used. None of these allowed data extraction for further statistical analysis or comparison between reports. While more rigorous pain scoring might have been used, there is no evidence that all of the reports suffered a systematic failure in analgesic measurement.
Inadequacy of blinding in clinical trials of analgesic interventions continues to be of concern, 51 although this may be less of an issue with pharmacological interventions. 50 Blinding of procedures is much more difficult than blinding of drug studies. Most of the TENS studies made attempts at blinding, for example by removing batteries from the TENS apparatus (sham TENS) or by using staff with no knowledge of the study or allocation to conduct the patient assessments. Lack of blinding has been estimated to exaggerate the estimate of 
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British Journal of Anaesthesia treatment effect of studies by some 17%. 11 Adequate blinding of TENS for both carers and patients is particularly difficult. 52 None of the reports was judged to have been blinded and this lowered the quality scores given to the 17 randomized studies. The fact that only two of the reports showed any positive effect of TENS in acute postoperative pain is all the more striking because of this potential overestimation of treatment effect caused by lack of blinding.
The clear message of the reports considered in this systematic review is that adequate randomization is an important quality standard in studies with pain outcomes. Including non-randomized studies in reviews may give the wrong answer. The AHCPR guidelines on acute pain management included nonrandomized reports, and this may explain their more positive attitude towards TENS. 
